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Foreword

Enormous changes have occurred in the past year as the world has
witnessed the fall of the Berlin Wall and the resurgence of democracy in
Eastern Europe. Spurred by these changes, the United States seems
headed toward a period of military austerity reflected in a substantially
reduced force structure. Notably, however, as terrestrial weapons systems
are reduced, space systems increase in numbers and applications. Maj
Steven R. Petersen’s study represents the first effort to tie together in one
document US doctrine, policy, and implementation planning for the use of
offensive weapons in space. Structured around the concept of space
control, he creates a picture of offensive space operations that are quite
similar to traditional air superiority operations. Major Petersen’s study
provides a timely guide to the evolution of space as another theater of
warfare. It identifies key doctrinal and operational challenges that lie
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Preface

I was motivated to do this study by the lack of reasoned, analytical
literature on space warfare. Accounts of space technology and system
development abound, especially regarding the Strategic Defense Initiative
(SDI), but relatively little exists on the larger issues of grand strategy,
doctrine, operational considerations, and the general trends of technology
as they affect military operations in space.

Two national security objectives form the foundation for this study. The
first objective is to preserve deterrence of war at all levels. Should deter-
rence fail, however, the second objective is to terminate war as quickly as
possible on terms favorable to the United States and its allies. These
objectives can lead to seemingly contradictory conclusions. In acknowl-
edging that deterrence might fail, the second objective endorses the develop-
ment and deployment of systems that the first objective seeks to ban
because they may be destabilizing. Both objectives reflect the conviction
that wars are best avoided by preparing to fight.

Despite having these two objectives as the cormnerstones of its national
security policy, the United States has not pursued a policy that envisages
space as a military battlefield. This study encourages development and
deployment of offensive space weapons. The study reviews the history of
the US space program and highlights its predominantly peacetime focus.
Although the US depends heavily on military space systems, current space
doctrine reflects a sanctuary philosophy that ignores the possibility of war
in space. Consequently, US space systems lack a war-fighting capability
and are vulnerable to threats from foreign space weapons. Protecting vital
US interests and assets in space mandates reducing this vulnerability and
establishes the need for offensive weapons. An analysis of key doctrinal
influences produces a space control doctrine supporting offensive and
defensive space operations. This analysis also demonstrates that current
national policy strongly supports the development and deployment of
antisatellite (ASAT) systems. The planned US implementation strategy
integrates these systems into a comprehensive space control capability.
Closing comments identify remaining shortfalls and recommend actions to
remedy them.

Two caveats are necessary. First, judgments on the advisability of SDI
are beyond the scope of this study. While an SDI ballistic missile defense
(BMD) would impact space weaponry in many ways, the systems advocated

xd




in this study could be fielded well before SDI, they would not depend on
SDI, and they would avoid the treaty issues associated with SDI. Second,
this study does not address organizational issues. While such issues are
important, they are beyond the scope of this study.

St o/t

STEVEN R. PETERSEN, Maj, USAF
Research Fellow
Airpower Research Institute
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Chapter 1

Outer Space as an
Operating Medium

This chapter describes the geography of space and summarizes the
military uses of space. Though US public policy emphasizes “peaceful
uses,” the US military has a strong presence there. Likewise, the Soviet
military employs space in support of terrestrial operations. However, the
Soviets apply a war-fighting doctrine that contrasts with a less aggressive
US capability.

Geography of Space

Space can be logically divided into a series of zones or regions that are
labeled according to their distance from the earth’s surface. Most military
applications occur in low earth orbit (LEO), middle earth orbit (MEO), and
geosynchronous earth orbit (GEO). Low earth orbit extends out to 3,100
nautical miles above the earth.! The US puts many of its navigation,
photoreconnaissance, and weather satellites in LEO.2 Middle earth orbits
can range from 3,100 nautical miles to geosynchronous altitude; MEO
includes 12-hour, semisynchronous orbits useful for navigation.?
Geosynchronous orbits are achieved at 22,300 nautical miles altitude with
a 24-hour orbit. A geostationary orbit is a geosynchronous orbit with no
inclination—satellites in geostationary orbit remain over the same spot
above the equator. The United States uses these orbits for many of its
communication, navigation, and missile early warning satellites.* As al-
titude increases, the number of satellites required for full earth coverage
decreases (table 1). (Chapter 4 addresses the trade-offs between altitude,
performance, and survivablility.) The cislunar region extends from GEO to
the moon. Beyond the moon, the translunar region continues to the edge
of the solar system.® Few military applications exist in these last two
regions.

The strength of gravity, rather than straight-line physical distance,
determines the energy required to move between orbits (fig. 1). The higher
the altitude of a satellite in earth orbit, the less costly its movement, since
the effect of the earth’s gravity decreases as the distance from the earth
increases.®




TABLE1

Single Satellite Coverage Requirements

(Polar Orbit)
No. of Satellites Altitude (Miles)

60 300
50 400
30 600
25 800
20 1,000
12 2,000

3 23,000

Source: Patrick J. Friel, “New Directions for the U.S. Military and Ctviltan Space Programs. " in International Security
Dénensions of Space, ed. Url Ra'anan and Robert L. Pfaltzgraff, Jr. (Hamden. Conn.: Archon Books, 1984). 124.

All nations are on a relatively even footing regarding access to space.
Launch technology, rather than terrestrial geography. is the true arbiter of
access. The development of launch capabilities rather than exploration of
space paced by favorable geography. Still, launch sites near the equator
offer modest advantages because the speed of the earth’s rotation is greatest
in the lower latitudes. Thus, satellites launched from equatorial sites on a
trajectory with the spin of the globe will require less additional velocity to
attain orbit than those launched from higher latitudes where the speed of
the earth’s rotation is slower.

FORCE OF
GRAVITY A
‘v’l X
CISLUNAR
22X SPACE
MOON

EARTH

Source: Marc E. Vaucher, “Geographical Parameters for Military Doctrine in Space and the Defense of the
Space-Based Enterprise.” tn Infernational Security Dimensions of Space, ed. Urt Ra’anan and Robert L. Pfaltzgraff, Jr.
{(Hamden, Conn.: Archon Books, 1984). 36.

Figure 1. The Gravity Wells of the Earth-Moon System. The earth’s gravity decreases as altitude increases. Thus
less energy is required to change an orbit at the top of the “gravity wefl” than near its bottom. The moon has a
similar, though “shaltower” well since it has a weaker gravitational pull.
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First Steps into the Unknown

During the early years of the US and Soviet military space programs, both
nations used space to generate international prestige. Each side claimed
a peacetime orientation for their programs. In reality, however, both
nations demonstrated a strong interest in military applications. The Soviet
Union launched the first satellite, but by 1962 the United States had a much
stronger program.

US and Soviet efforts began in the latter stages of World War II and the
immediate postwar era. In 1945 Wernher von Braun and his V-2 rocket
engineering team defected to the United States. His team eventually settled
at the Redstone Arsenal in Huntsville, Alabama, and became the Army’s
cadre for developing tactical and intermediate range missiles.” The Air
Force began studies on intercontinental ballistic missiles (ICBM) in 1947
and started work on the Atlas in 1951.% In 1954 the Air Force upgraded
the Atlas to top priority and in 1955 began top priority development of the
WS-117L reconnaissance satellite.® The Air Force also initiated the Dyna-
Soar program for manned orbital reconnaissance and bombing.

The Soviets pursued similar objectives. In the late 1940s they opened
two rocket test ranges. one at Kapustin Yar near Stalingrad and the other
at Tyuratam in remote Kazakhstan.!° Soviet ICBM development began
around 1954, coinciding with tests on intermediate range ballistic missiles
(IRBM).!' On 4 October 1957 the Soviet Union launched Sputnik I, the first
man-made earth satellite. Sputnik I electrified both the Communist and
non-Communist world, though the satellite had no military capability and
its technology trailed the US state of the art.'? Four months later, on 31
January 1958, the US launched its first satellite, Explorer 1.!® National
Security Council Directive 5814/1, dated 20 June 1958 and entitled
“Preliminary U.S. Policy in Outer Space,” summarized the US national
mood:

The USSR, if it should be the first to achieve a significantly superior military capability

in outer space, could create an imbalance of power in favor of the Sino-Soviet Bloc

and pose a direct military threat to US security. The security of the United States

requires that we meet these challenges with resourcefulness and vigor.'*
The US responded to the perceived threat by formally organizing its space
program into civilian and military branches.

The US activated the National Aeronautics and Space Administration
(NASA) on 1 October 1958.!> NASA's charter emphasized that US efforts
in space would be “devoted to peaceful purposes for the benefit of all
mankind.”'® It provided that US activities

shall be the responsibility of, and shall be directed by, a civilian agency . . . except

that activities peculiar to or primarily associated with the development of weapon

systems, military operations, or the defense of the United States {including research

and development . . .) shall be the responsibility of. and shall be directed by, the
Department of Defense.!”




Thus the NASA charter recognized the need to accomplish national security
programs in space. However, President Dwight D. Eisenhower’s concerns
over Soviet reactions to upcoming reconnaissance satellite overflights led
him to de-emphasize the military space program and make “peaceful uses”
the hallmark of US public policy.!® Nonetheless, visible national security
programs grew in size and importance.

True to the peaceful uses of space provisions in NASA’s charter, the early
US efforts in space concentrated on communications, navigation, recon-
naissance, and weather applications. In the 1960s the Soviets achieved
some success in developing military weapons systems for use in space, but
iminature technology limited the lifetimes of their satellites. Despite the
fact that Soviet technology trailed that of the United States, Soviet military
doctrine and policy on war-fighting applications in space leaped ahead.

The US-USSR competition intensified as the US gained confidence and
experience. In 1960 the US military program achieved many significant
firsts. Tiros 1, a joint military-civilian weather satellite, went up on 1 April.
It was joined two weeks later by the first navigation satellite, the US Navy’s
Transit 1B.'° Midas 2, the first ICBM early warning satellite, followed in
May 1960. Discoverer 14, the first successful film reconnaissance satellite,
joined the others in August 1960.2° Samos 2, with its near-real-time
reconnaissance capability, capped these achievements in January 1961.%!
While the US established a strong lead in unmanned flight, the Soviets
continued to press forward with their space program.

The Soviets renewed their bid for space leadership with the first manned
launch. On 12 April 1961 Yuri Gagarin made his famous one-orbit space
flight. The political propaganda reaped by his flight was dulled by the reality
that Soviet space technology trailed that of the United States. The Soviets
did not launch their first significant military satellite, Kosmos 4, until 6
April 1962.22 From the late 1950s through the 1980s, both superpowers
expanded their dependence on space systems and launched numerous new
military satellites. (Table 2 shows the total number of military satellites put
in orbit by the US and USSR through 1987. Table 3 summarizes US and
Soviet active military satellites as of 1987.) Both countries lacked offensive
systems for waging war in space.

TABLE 2

US and USSR Military Launches

1957-87
Year us USSR
1957 0 (1]
1958 0 0
1959 5 0
1960 10 V]
1961 19 0
1962 31 5
1963 26 7




TABLE 2 (con't)

Yeoar us USSR
1964 32 15
1965 28 25
1966 32 27
1967 24 46
1968 20 49
1969 16 51
1970 15 55
1971 10 60
1972 11 53
1973 8 58
1974 6 52
1975 7 60
1976 7 74
1977 9 69
1978 8 60
1979 4 60
1980 5 64
1981 5 59
1982 6 68
1983 7 58
1984 12 63
1985 6 64
1986 3 63
1987 6 62

Source: Congressional Research Service. Space Activities of the United States. Soviet Union, and Other Launching
Countries: 1957-1987 (Washington. D.C.: Government Printing Office, July 1988}, 56.

TABLE 3

US and Soviet Operational
Military Satellites as of 1987

Mission us USSR

Photographic Reconnaissance 3 3
Etlectronic Intelligence 6 8
Early Warning 3 9
Communications 63* 73
Navigation 9 25
Meteorology 7 4
Earth Monitoring i _3
Total 92 126

*Includes civilian communications satellitcs used for military support.
Source: Nicholas L. Joh 1. Soviet Military Strategy in Space (New York: Jane's Publishing. 1987). 54.

Significant Air Force efforts to build offensive weapons trace back to the
satellite interceptor (SAINT) program. Approved in 1959, the SAINT pro-
gram sought to develop and deploy a satellite that could inspect and




photograph hostile satellites. SAINT could be easily converted to a nuclear
antisatellite (ASAT) weapon by replacing the camera with a nuclear war-
head.?? The Air Force cancelled the SAINT program on 3 December 1962
because of funding, technical, and political problems.?* In 1962 the Soviets
orbited their first reconnaissance satellites and by 1963 had ceased to
oppose overflights of the Soviet Union by US reconnaissance satellites.2®
Following this acquiescence to satellite overflights, the US made significant
cuts in its space weapons programs.

President John F. Kennedy limited space weapons development to a pair
of nuclear ASAT systems, one for the Army and one for the Air Force. The
Army’'s system was called Nike-Zeus {Program 505). It consisted of a
solid-fuel three-stage missile with a nuclear warhead. After development
and testing at Kwajalein Atoll in the South Pacific, it became operational in
May 1964. However, Nike-Zeus was phased down in 1966 and disbanded
in 1967.2° The Air Force's system, Program 437, mirrored the Army’s.
Using a Thor missile and a nuclear warhead, the project was based at
Johnston Island in the South Pacific and became operational in May 1964.
Program 437 was cut back in 1970 and terminated in 1975.27 These two
nuclear ASAT weapons had limited utility—short of a strategic nuclear
exchange, the US would never use them. Moreover, the Limited Test Ban
Treaty, signed by the US in 1963, banned nuclear detonations from space.?®
The Air Force also failed in its bid to develop offensive space weapons
systems usable at lesser levels of conflict. In December 1963 Secretary of
Defense Robert McNamara cancelled the Air Force’s Dyna-Soar manned
space interceptor because there was no validated requirement for the
program.?? The manned orbiting laboratory, which replaced Dyna-Soar,
was ended later as well.*°

After seeing the Soviet Union develop its nonnuclear ASAT weapons, the
US pursued programs to build similar weapons. Soon thereafter, however,
Congress passed arms control legislation to limil the development and
testing of the US systems. These restrictions killed such programs. During
this period the Soviets tested components of space systems that would be
integral to any operational satellite interceptor weapons. The US had put
its programs on hold.

Although both the United States and the Soviet Union intensified re-
search and development on ground-based space weapons in the 1970s, the
Soviets held a commanding lead in the development of such ASAT weapons.
After 1971 the Soviets halted direct tests of their nonnuclear interceptor
but resumed these tests in 1976. The latter action provided the impetus
for initiation of the US nonnuclear interceptor program.?! Today the United
States has renewed its efforts to field a nonnuclear ASAT weapon. The
Soviets, on the other hand, are continuing to test components of their
system. Other nations are just beginning to take early steps into space.




Toward Combat Operations in Space

Soviet planning for space combat operations appeared in Soviet literature
as early as 1962. (Annex A details the evolution of Soviet space doctrine
and explains that the Soviets view space as another military theater of
operations.) Soviet technology finally caught up with Soviet doctrine in the
mid- 1960s when the Soviets made their first successful launches of naviga-
tion and communications satellites.®? The Soviets began testing a ground-
based ASAT interceptor in 1967. Unlike the US Program 437, the Soviet
satellite interceptor used a nonnuclear warhead to destroy the target. The
Soviet advantage became even more important when arms control efforts
led to a ban on nuclear ASATs. The Outer Space Treaty of 1967 prohibited
the stationing of weapons of mass destruction {nuclear, chemical, biologi-
cal) in outer space but did not address the more flexible nonnuclear
systems.33

The United States did not begin work on nonnuclear ASAT weapons until
the late seventies. In September 1977 Vought Corporation began develop-
ment of the prototype ASAT interceptor.®® This system called for an F-15
aircraft to carry an ASAT missile aloft and launch it at an altitude between
6.6 and 7.6 nautical miles. The first stage (similar to a short-range attack
missile) would propel the interceptor into space, then the second-stage
liquid-fueled Altair* missile would complete the boost and position the
miniature homing vehicle (MHV) near the target satellite. Using small
thruster nozzles the MHV was to maneuver toward the target and destroy
it by direct impact.?® The development program suffered numerous cost,
schedule, and performance problems. Those shortcomings resulted
primarily from immature sensor technology and premature attempts to
make the prototype an operational system.’® Meanwhile, the Air Force
prepared for the command and control of offensive and defensive space
operations by activating the Space Defense Operations Center (SPADOC)
on 1 October 1979 inside the Cheyenne Mountain Complex in Colorado.
SPADOC grew during the 1980s consistent with its mission to coordinate
all ASAT, space surveillance, and satellite survivability operations.??

The US used the 1980s to extend the technological edge achieved in the
early 1960s. More importantly, during the Ronald Reagan presidency the
US acknowledged for the first time that space had become a war-fighting
environment. According to the United States Arms Control and Disarma-
ment Agency (USACDA),

National Security Decision Directive 42 (NSDD-42), dated 12 July 1982, stated that

the US natfonal security space program shall support such functions as command,

control, and communications:; navigation; environmental monitoring: warning; sur-
veillance; and space defense. The United States will seek to ensure the survivability

¢ Advanced Rescarch Projects Agency long-range tracking and instrumerntation radar.




and endurance of US space systems, including all system elements, commensurate
with their planned use in crisis and conflict; the threat; and the availability of other
assets to perform the mission.*®

The USACDA notes that the US ASAT program supported the goals of
deterrence and war fighting:

The U.S. ASAT capability has two primary military functions. The first is to deter
threats to the space systems of the United States and its allies. The second is to deny
to any adversary the use of space-based systems providing support to hostile military
forces, within such limits as are imposed by international law.*

NSDD-42 also recognized the need to protect US systems. In the previous
20 years the US had paid little attention to survivability and endurance. In
short, NSDD-42 endorsed efforts to establish a space war-fighting posture.
Eight months later President Reagan placed renewed emphasis on space
by announcing SDI.

On 23 March 1983 the president voiced his intent to begin research on
technologies destined to make nuclear missiles “impotent and obsolete.™°
While the merits of ballistic missile defense are beyond the scope of this
study, SDI is important for two reasons. First, most SDI projects are
developing technologies applicable to a variety of space weapons. Second,
SDI revived Soviet and congressional interest in arms control in space. The
Soviet reaction was swift.

Mikhail Gorbachev, secretary of the Communist Party of the Soviet Union,
announced a unilateral ban on ASAT tests in August 1983.*! The US House
of Representatives responded by voting for a series of constraints on US
ASAT testing for the year 1984.*2 While the US Senate refused to go along
with the House, future years saw both bodies voting for restrictions. In
1985 Congress limited the US program to three tests, and for the succeeding
two years it banned testing completely.*® Consequently, the F-15 MHV was
tested only once against a live satellite. The MHV successfully intercepted
its target in space on 13 September 1985.* In 1988, after three years of
test bans, the Department of Defense (DOD) cancelled the MHV program.
In 1989 DOD launched a new triservice effort. (That program is detailed in
chapter 4.) The Soviets, meanwhile, have continued to employ and refine
their ASAT boosters in other programs. Likewise, their rendezvous and
docking operations used in their manned space flights provide ample
opportunity to continue development of ASAT sensor components.*> In
1989 the Soviet Union operated approximately 130 orbiting military satel-
lites.*® As the US and USSR expand military space operations in the 1990s,
other space-faring powers will join them.

Europe has developed its space expertise primarily throuéh the European
Space Agency (ESA), which was created in December 1972." ESA members
include Belgium, Denmark, France, Germany, Ireland, Italy, the Nether-
lands, Spain, Sweden, Switzerland, and the United Kingdom. Occasionally
Austria, Canada, and Norway participate in ESA projects.48 ESA'’s focus is
on civil applications but some members are applying their experience to
military uses. For example, France developed and launched the satellite
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pour Uobservation de la terre (SPOT) surveillance system.*® SPOT's 10-
meter resolution offers modest military utility, but the improved SPOT
planned for the early 1990s will offer much more refined images.’° SPOT's
overhead imagery is sold on the open market, thus making it available to
countries unable to field their own systems. In addition to ESA efforts,
China, India, and Israel are believed to have launched reconnaissance
satellites.®’ China, India. and Japan have launched communications
satellites.”? Japan is developing a fleet of launch vehicles and has placed
over 35 payloads in orbit.>® The future promises increased international
military space operations.

Summary

This chapter has briefly recounted the history of military space activity.
Since the early 1960s the US and USSR have used space to accomplish
many functions supporting terrestrial military forces. These include com-
munications, navigation, early warning, reconnaissance, and weather.
While the Soviet Union has developed its systems based on a space
war-fighting doctrine, the US has followed a less aggressive stance. The
next four chapters build on the theme that the US must develop forces that
are more survivable and enduring than those which exist today. ASAT
weapons form a key part of this strategy. These forces will be developed
through national policy, an implementation strategy, and military doctrine.
Chapter 2 explores doctrine.
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Chapter 2

Space Doctrine

Doctrine provides the underlying rationale for the development, deploy-
ment, and employment of military forces. However, current official US
military space doctrine is substantially inaccurate and incomplete because
it overlooks the role of technology, the principles of war, and relevant
historical experience. In this chapter, rather than attempt a piecemeal
“repair” of official doctrine, 1 analyze the major factors that influence
doctrine. I then derive a comprehensive set of insights to guide and focus
the synthesis of a new, improved space doctrine. I conclude this chapter
with a synthesized military space doctrine that closely resembles some
elements of existing unofficial doctrine. The synthesized doctrine is clearer,
more environmentally based, less technologically dependent, and more
consistent with the implications of the major factors that influence the
development of doctrine. This doctrine supports current US policy and
implementation planning as described in chapters 3 and 4.

Doctrine’s Dynamic Role

Col Dennis Drew describes doctrine as “what we believe about the best
way to conduct military affairs.”! Historically, military leaders have placed
a high value on doctrine. Gen Bernard Schriever, leader of the program 